Bubblegram imaging takes advantage of the fact that vitrified protein specimens subjected to relatively high levels of electron irradiation generate bubbles of hydrogen gas that are readily visible. Moreover, proteins in complex with DNA bubble relatively early because the DNA impedes the diffusion of radiation products, accelerating the formation of bubbles. Hypothesizing that some component(s) of HIV may have distinctive bubbling behavior, we visualized HIV-1 virions in this way, and found that bubbles started to appear after a cumulative dose of ~160-200 e -/Å 2 . We then extended the approach to tomobubblegrams. First, a regular tilt-series was collected and a tomogram was calculated (total dose of ~75 e -/Å 2 ). Second, an untilted dose-series was performed, stopping after the first bubbles began to develop (another ~70 e -/Å 2 ). Third, after waiting ~2 h to allow radiation products to dissipate, a second tilt series was recorded (~70 e -/Å 2 ), allowing the visualization of the bubbles in the "tomo-bubblegram".
Imaged by cryo-ET (Figure 1 ), most wild-type virions have conical cores with internal density that is thought to be the vRNP. In contrast, ALLINI-treated virions have few such cores and instead contain "eccentric condensates", spheroidal aggregates that are located outside of the capsid and close to the viral envelope [1] . When an ALLINI-treated virion contains both an eccentric condensate and a conical core, the core is relatively empty (cf. Figures 1A & B) . In virions visualized by bubblegram imaging, the bubbles co-project with core interiors and eccentric condensates, and the two structures have the same bubbling threshold (Figure 2 ). Tomo-bubblegram imaging confirms that the bubbles specifically label the contents of filled cores and the eccentric condensates ( Figures 3A & B) . To further clarify which virion component is bubbling, we examined immature virions, which have a thick-walled shell in which the domains of the polyproteins Gag and Gag-Pol are radially ordered. Here, the bubbles appear in the inner part of that shell ( Figure 3C ). The interpretation of NC as the bubbling component was further supported by analyses of Gag/ψ-minus particles, which do not incorporate vRNA, ( Figure 3D) ; of GagLeuZip particles, in which the NC domain is replaced by a leucine zipper ( Figure 3E) ; and of purified recombinant NC protein (not shown). Taken together, these observations provide strong evidence that ALLINIs act by sabotaging capsid assembly and vRNP encapsidation. They also show that proteins differ in their bubbling thresholds and that nucleic acid is not needed to induce bubbling. 
